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(57) Abstract 

This mvention relates to genetically engineered eukaryotic 
oiganisms^ such as yeast, that are made capable of detecting the ex- 
presston of heterologous ion channeis. These organisms include a 
potassium transport defe^ive phenotype eukaryotic organism 
transformed whh DNA that suppresses the potassium transport de- 
fective phenotype in the organism. A potassium transport gene is 
set out in: Sequence Id. No. 1. this genetically engineered organism 
can be used to screen for new herbicides or drugs. 
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"Genetically engineered eukaryotic 
oiiganism c^ble of detecting the ©cpression of heterologous ion channels". 

5 Background of the T nvention 

This application is a continua1tion-in-part pf u,S. 
Serial No. 874,846 filed April 27, 1992. This 
invention was made with goverhment support und^r grant 
No. DCB8711346 awarded by National Science Foundation 
10 and grant No, 90-37261-5411 awarded by U.S. Dept. of 
Agriculture. The government has certain rights in the 
invention . 

n^iA of thg Inveptjon ; This invention relates to 
15 genetically engineered euJcaryotic organiLs, such as 
yeast, that are made capable of aetejsting the 
expression of heterologous ion channels. This 
genetically engineered organism can be used to screen 
for new herbicides or pharmaceuticals. 

20 

Descriptip n of Prinr Work in the Fielr^ 

Advances in molecular biology have provided the 
means to transform organisms to contain foreign 
genes, such gen^s can be transformed into the 
25 .organism to affect its. function. B. Lewin, Genes, 
300-333 and 589-631 (1983) (hereby incorporated by 
reference) . 

In plants and fungi the uptake and intracellular 
concentration of potassium serve a variety of vital 
30 functions including the control of cell shape and 
turgor, the establishment of an ionic milieu 
compatible with enzyme function, and the enhancement 
of plasma membrane proton pump function. Serrano, R. 
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1 Plasma Membrajie ATPase of Funai and Plants as a Novel 
Type of Py^tpn p^pip; Curr. Top. Cell, Regul.. ?3: 87-126 
(1984). 

Tha inventor and other colleagues from ^ 
5 Northwestern University have cloned two genes TRKl and 

TRK2 that encode potassium transporters in * 
Saccharoittvces cerevisiae > The TRK2 gene encodes a 
low'-af f inity and the TRKl gene encodes for a 
higH-af finity pctassium ttcmsporter • Cells deleted 

10 for both TRKl and TRK2 ere h^ersensitive to low pH« 
They are also severely limited in their ability to 
take up potassium^ Ko et al, TRKl and TRK2 Encode 
Structurally Related Potassium Transporter in 
Saccharomvces cerevisiae , Molec. and Cell. Bio. 

15 11:4266-4273 (Aug, 1991) (hereby incorporated by 
reference) ; Ko et al* TRK2 is Required for Low 
Affinity K*^ Transport in Saccharomvces Cerevisiae. 
Genetics 12:5:.305-'312 (June 1990) (hereby incorporated 
by reference) ♦ 

20 Herbicide and drug identification, frequently 

involves the detection of single compounds that show 
potential as plant grovtlx inhibitors and/or 
pharmaceuticals from large nxmbers of naturally 
occurring and synthetic substances. A disadvantage of 

25 current identification processes is that they can be 
time consuming and e>cpensave. Also, not all commonly 
.used screening procedures demonstrate a specific mode 
of action of the active compounds. 

The present invention relates to method for drug 

30 and herbicide testing that, may significantly reduce 
assay time and cost, A unique feature of this method 
is its capacity to reveal the, specific molecular ^ 
system affected by the assayed compounds. 

i 
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1 Summary of the Invention 

The invention consists of a microbial system that 
can serve as a sceen for compounds that inhibit 
potassium channels. Specifically, a genetically 

5 engineered strain of yeast, rendered defective in 
potassium uptake and supplied with a plant gene has 
been developed by the inventor. The altered yeast 
strain has been shown to be effective as a cell 
culture system for screening potassium channel-- 

10 inhibiting compounds. 

More specifically, the present invention provides 
a genetically engineered organism that includes a 
potassium transport defective phenotype. More 
specifically, this invention provides a genetically 

15 engineered yeast strain (ATCC No. 74144) that is 
deleted for both of its endogenous potassium 
transporters f TRKl and TRK2 ) and which includes a 
heterologous plant potassium channel. gene from 
ArabidoDsis thaliana > This new strain of yeast allows 

20 for rapid screening of chemical compounds for 
anti-potassium channel activity by measuring a 
compound's ability to inhibit the growth of the 
genetically engineered yeast cells* These compounds 
may have activity as a herbicide or pharmaceutical. 

25 Additionally, this invention provides cDNA for a 

potassium channel gene. This cDNA sequence is shown 
• in Sequence Id. No. 1 and is incorporated into a 
plasmid identified as ATCC No. 75224* This gene can 
be used to make a genetically engineered eukaryotic 

30 organism capable of detecting heterologous ion 

channels. This organism can be made by transfecting a 
potassium transport defective phenotypic organism with 
DHA that suppresses the potassium transport defective 
phenotype in the organism. 
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1 More specifically, this inventioji provides a 

genetically engineered euJcaryotic organism dependent 
on a heterologous ion channel for growth. The 
organism has the characteristics of the strain 
5 deposited as ATCC No. 74144: This organism is a 

Saccharomyces cerevisiae deleted for TBK2 and TRK1 > or 
only TRKl, that is trans fected with the DNA sequence 
set out in the Sequence Id. No. 1. 

Stilly additionally, this invention provides a 

10 method to screen compounds for their ability to 

inhibit potassium transport in vivo . This screening 
method involves: adding the compoond. to be screened to 
a genetically engineered organism capable of detecting 
het^ologous ion channel wherein the orgaiiism is a 

15 potassium transport defective phenotypic organism 
transformed with DNA that suppresses the potassiinn 
transport defective phenotype in the organismv to a 
media containing potassium, and determining whether 
the organism's growth is inhibited ♦ 

20 

Brief Pescriptioni of the Ficniras 

Figure 1 shows TEA and BA^'^ inhibition of KATl 
in vivQ. Approximately 10^" CYl62/pKATl cells were 
plated on to GAt-URA Q\2K solid media* 20- iil of 1 

25 M TEA and tOul of 1 H BaClj were applied to 

sterile filter disks placed on the media r a halo of 
-inhibited cell growth can be _ seen around the filters 
on the 0.2 mK K"^ containing plate. BaCl2 
precipitated out of the medium in the region 

30 surrounding, the Ba^'*' filter disk. . 

Figure 2 shows that barium and TEA do not inhibit 
the growth of cyi62/pKATl cells when these cells are 
grown in the presence of a high cqncentratipn of 
potass ium» 



BNSDpaO: <W0 ^S322422A1 J_> 



Figure 3 shows a plasmid into which the KATl cDNA 
was cloned during the construction of the library. 

Figure 4 shov;s the arabidopsis cDNA expression 
vector. 

Detailed Description of the Invention and Best Mode 

The present invention provides a genetically 
engineered organisni capable of detecting heterologous 
ion channels and a method to use the same in screening 
for new herbicide or drug compounds. The term 
"heterologous" in this context means the expression in 
Saccharomyces cerevisiae of any non Saccharomyces 
cerevisiae gene, i.e. any ion channel gene from 
another organism. More specifically, this invention 
provides a yeast strain deleted for both of its 
endogenous potassium transporters TRKl and TRK2 and 
thi^t includes the newly discovered heterologous plant , 
potassium channel gene (Secpience Id. No. 1) from 
Arabidopsis thaliana deposited with the ATCC tinder the 
Budapest Convention and thiit has received ATCC number 
.74144. It should be noted/ however, that a 
genetically engineered yeast stain deleted for TRKl 
and including the plant potassium channel gene from 
Arabidopsis thaliana is alko contemplated by this 
invention. The altered yeast strain has been shown to 
be effective as a cell culture system for screening 
potassium channel-inhibiting compounds. The system is 
easily adaptable to microtiter plate technology 
rendering the method rapid 'and inexpensive. Cell 
growth and inhibition as determined by turbidity, can 
be measured by standard spectrophotometriq 
instrumentation* The identification of compounds that 
both completely and partially inhibit potassium 
channel activity is also possible. The present yeast 
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1 strain con-taihing the plant gene is useful for 
screening pharmaceuticals" because all potassium 
channels are sensitive to the same coiapoundsr thus, if 
a compound was identified as having a potassium 
5 channel inhibiting activity it could be further tested 
for likely pharmaceutical utility, 

. In the present in\rention, the endogenous TRKl (or 
Tiaci and TRK2 V transporters are deleted in order to .l) 
detect function the heterologous ion channel and 2) 

10 to make the strain dependent on the heterologous 

channel for growth, it should be noted,, however, that 
one would not need to delete TRKl (or I'RKl and TRK2 Tf 
in ptder to make th6 eerevisiae cells dependent on 
the heterologous potassium channels for growth. One 

15 could simply isolate uncharactei^rlzed mutations in 

these that have the effect of significantly reducing 
their function. As such these organisms include a 
potassium transport defective phenotype transformed 
with DNA that suppressres the potassium transport 

20 defective phenotype in the organism. 

It should be noted, however, taiat other potassium- 
transporting protein^^ (not iust those taiown to 
function as channels) could also suppress the 
potassium transport defect iij trklA trk2A cells 

25 since these proteins could, also represent essential 
plant proteins and thus, be useful in the screening 
■process for new Herbicides or drugs 

The KATl gene has the following characteristics : 
1). KATl suppresses the Trk- jDhenotype of S- cerevisiae 

30 cells deleted for their endogenous potassium 
transporters; 2) the inferred protein sequence 
includes a eluster of six putative membrane-spanning 
domains ^nd conserved amino acids sequences 
corresponding to the presumptive voltage^sensing (S4) 
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1 and pore-forming {SS1-SS2 or H5) regions; and 3) 
potassiura channel-^specif ic blockers (TEA and Ba^"*") 
inhibit of KATl in vivo. Alternatively, 
Schizosaccharomvces pombe . could be trans formed with 
5 pKATl due to the presence of the Saccharomvces 
cerevisiae selectable marker URA3. 

The gene that encodes for the plant potassium gene 
was identified as follows: 

1. Media and Strains. YNB and LS media were 

10 prepared as described by Sherman et al. and Gaber etal 
(Sherman, F., Fink, G.R. and Hicks, J. (1986) (hereby 
incorporated by reference) Methods in Yeast Genetics. 
Cold Spring Harbor Laboratory, Cold Spring Harbor, New 
York; Gaber, R.F», Styles, C.A. and Fink, G.R. (1988) 

15 Mol. Cell. Biol. 8, 2S48-2859). AA--URi^ is medium 
supplemented with all amino acids and nucleosides 
except uracil. Media with galactose or glucose as the 
sole carbon source are indicated as GAL and GUJ- Ko 
and Gaber describe construction of the S. cerevisiae 

2a strain, Gyi62, MATa ura3-52 trkl A his3 200 his4*15 
trk^A i::pCK64 (Ko, C.H. and Gaber, R.F. (1991) Mol. 
Cell. Biol. 11: 4266-4273). Yeast trahs formation was 
performed by electroporation (Becker, D.M. and 
Guarente, L. (1991) Meth, Enzym. 194, 182-^187). 

25 Plasmids were selected and propagated in g. cali 

strain HBIQI qn Luria broth (LB) medium supplemental 
with 50/jtg/ml ampicillin. LB medium is used to grow 
£• Coll . LB medium and ampicillin is. used to maintain 
selection for the presence of ampicillin 

30 resistance-conferring plasmids in E. Coli like pKATl. 

2 4 cDNA Cloning. The Arabidopsis thaliana cDNA 
library was constructed in the XYES yeast/g. coli 
shuttle vector. (Stanford University, Stanford, CA) 
(Elledge, S.J., Mulligan, J.T., Ranier, S.W., 
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1 Spottswood, and Davis, R.W, (1990> Proc^ Natl, 

Ac9d. Set, USA 85 > 1731-1735) (hereby incorporated by 

reference) • See Figures 3 and 4, This library was 

made from mRNA extracted from leaves, shoots, stems 
5 and flowers of plants at all stages of development 

{Elledge et al * ^ inf ra. ) . 

The XYes vector is a multifunctional vector. It . 

is* capable of replicating as a lambda phage, a plasmid 

lysogen in coli . or as a centromere plasmid in 
10 yeast. The plasmid part of the vector can be 

automatically looped out of the lambda phaige by .site 

specific recombination using the ere protein and iox 

sites, in the vector (Sternberg, et al. 1983. lii 

Mechanisms of Dm Replication and Recombination, 
15 UCIA Symposia on Molecular and Cellular Biology, 

Vol. 10, pp. 671-684,- Sauer and Henderson. 1988. Gene 

70 ; 331-41) * The cONAs are inserted 

nondirectionally- In one direction, they can be 

expressed from the coli lac promoter,, with a 
20 ribosome binding site and an ATG between the promoter 

a cloning site. In the .other direction, they can be 

i 

expressed from the yeast galL promoter , ajid are I 

followed by a y^ast transcription termination site. A ^- 

rough map of the vectpr is shown on the next page. 
25 The selectjabXe markers are Amp resistance in coli 

and UR&3 in yeast. 

The cDilAs are inserted into an Xhol site flanked 

by EcoRI sites. In theory, the Xhol sites should be 

regenerated during the cloning. Occasional ly^. an Xhol 
30 site may be missing and the insert must be excised 

with EcoRI , ' I 

Library: PolyA purified mRNA was prepared from 

the above-ground parts of Arabidopsis plants, which 

vajried in sire from those which had just opened their ^ | 

I 
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1 primary leaves to plants which had bolted and were 
flowering. A library of 10 million independent 
recombinants was amplified as lytic phages on plates. 
Approximately 90-95% of the clones in the amplified 
5 library contain inserts, and the titer is 6.2 x 10^ 
per ml, a typical titer for this vector. 

Storage. The amplified phage stock is in LB with 
7% DMSO. The lambda is stable for several weeks at 
room temperature, 

10 Propagation and Screening. The phage backbone is 

lambda gt6. It can be treated as a standard lambda 
phage (e.g. grow lytically on LE392 pMC9 to amplify, 
or on LE392 to screen for expressed proteins) . 
Alternatively, it can lysogenize as an amp resistant 

15 plasmid in a strain which expresses the lambda 
repressor, cl. 

Plasmid Recovery. The plasmid part of the vector 
can be lopped out of the Ifiunbda by infecting a strain 
which expresses ere and cl (eg. BNN132 [JM107 

20 lysogenized With A KC]) • Plasmid DMA can be prepared 
by: 



1) Grow BNN132 overnight in LB + maltose (.2%) + 
kanamycin (50/x/ml) . 
25 2) Spin down and resuspend in lambda dil (5M) buffer. 

3) Add phage library to an m.o.i, of .01, incubate 20 
minutes at 37'C» 

4) Grow nonselectively for 30 minutes in LB* 

5) Plate on UB + ampicillin, grow overnight at 37'C. 
30 6) scrape plates and do a standard plasmid 

preparation. 

Yeast. The yeast transformation protocol of 
Burgers and Percival (Analytical Biochemistry 
153:391-397) (hereby incorporated by reference). 
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1 The library starts out as lambda phage library. 

Upoia induction of the phage (being grown in coli ^ 
the piasaaid "pops out'* and can then b^ amplified and 
harvested frota the g,' coli. culture. The KATl cDNA is 

5 a Xhol fragment insetted at the Xhol site in the 

vector* Thxis, the size of pKATl is the -vector (7.80 
kb). plus the cDNA insert (about 2,24 Id>> + 10 kb. The 
EcoRi XhoT EcoRl is the "poly-cioning«* site. The KATl 
cDNA fragm:ent is inserted into the Xhol site here. 
10 The following sequenced are contained on the plasmid: 

1. Pqali- Promoter region found the yeast GALl 
gene? this sequehqe promotes expression of the 
cDNA. insert upon growth on galactose as the sole 

15 carbon source, 

2. Piac^ promoter ftam the E. coli las operon; 
used for conditional expression of cDNAs (cloned 
in the opposite diirection) in E, coll i 

3. HIS 3 Term: sequence containing the 

20 transcriptional termination signals from the yeast 

His_3 gene; used to ehstire termination of the cDNA 
insert when expressed in yeast* 

4. URft3 r the yeast URk2 genet used 4s the s^^lectaible 
marker to select for presence of the plasmid in 

25 ura3 yeast recipient strains. 

5. • CEM4 : sequences encoding the yeast centromere 

. (#IV) ; used to maintain stability of the plasmid 
during yeast cell division, i.e-, this makes the 
plasmid function as a "mini-chromosome". 
30 6. ARSl : this is an "autonomously replicating 

sequence" that serves as a site of initiation of 
replication in yeast. 
7. ori (PBR322): this is the site of replication 
initiation that is used when the plasmid is 
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propagated in an coli host, 
8. Aq^i the ampicillin resistance gene that allows 
selection for the plasmid in E, colj, . 

Expression of the 'cloned inserts are under control 
of the inducible GALl promoter * The library was 
introduced into CY162 ceils by transformation. Initial 
selection and subsequent screening of the 
transfbrmants were carried put on AA^^URA to maintain 
selection for the plasmids- Ura"*" trans formants were 
selected on glucdse-containing medium supplemented 
with 100 m potassium (GLU-URA lOOK) and ireplicaplated 
to GAL-UKA lOOK to induce expression of the cloned 
cDNAs. Following an overnight incubation the 
transformants were replica plated to GAL-URA 
containing 7 mM potassium (7K) to identify cDNAs able 
to confer suppression of the potass iiim 
transport-defective phenotype (Trk-) of the recipient 
cells. 

3. DNA Sequencing. Dideoxy sequencing of pKATl 
was performed using SEQUENASE (U.S. Biochemicals) 
(Sanger, et al. Proc. Natl. Acad, Sci. USA 
74:5463-67 (1977) (hereby incorporated by reference). 
Double stranded template DNA was sequenced using 
specific oligonucleotide primers synthesized at the 
Northwestern University Biotechnology Facility. 

Primers used for sequencing (all represented in 5* 
to 3' direction of polarity: 
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Tov sequencing the ndncoding strand: 





GALl • 


TACTtTAACGTCAAGGAG 


Sequence Id No, 


2 






CTAAGCrCCGCAAACAC 


Sequence Id No. 


3 


p 




CTTCTAGTTGACAGTC 


Sequence Id No. 


4 




QAL4.. 


CGGAAGCGAACTAGG 


Sequence' Id No . 


5 




GAL5. 


CATTGTGCTGGATGf 


Sequence Id No. 


6 




GAL6. 


GATGT3?CAACCTCGG 


Sequence ]:d No. 


7 




lACSinv- 


TACTGCGGATAAGCA 


Sequence Id Ho. 


S 


Xsj 


IAC4inv, 


GGATGGGAAGACTGG 


Sequence id No^ 


9 




tAC3inv* 


TAGTSAAACCGCTGG 


Sequence Id No. 


10 




LAC2inv, 


ATCCATAGAAGAGCf 


Sequence Id No. 


11 




lACltnv. 


GCATGTATATCTGCA 


Sequence Id No. 


12 




For sequencing' the coding streuid: 






GAL2inv, 


GCTGAGTAAATAACT 


Sequence Id No. 


13 




GAL3^iny. 


ATTCGTATTTTCTTA 


Sequence Id No. 


14 


- 


GAL4.inv. 


TCAAGCCTTGCAAAT 


Sequence Id No. 


15 


20 


GAL^inv. 


TGGTTCTT'EGAAATT 


Sequence Id Ho. 


16 




GALeinv.^ 


AG6TTGGTCATATTTCCAA 


Sequence Id No. 


17 




LAC5 


TTGTTCTTACTGTGA 


Sequence Id No. 


18 




IAC4 


GTCGGAAG7CGGATTCG 


Sequence Id No, 


19 




LAC3: 


GGTTGCTTGAGCTGC 


Sequence Id No. 


20 


25 


LAC2 


ACCATCCCAAATGACA!! 


Sequence Id No. 


21 




LACl 


TGTGGAATTGTGAGCGG 


Sequence Id No. 


22 



DNA sequence analysis was done using t&e DNA inspector 
Lie (Textco, Lebanonr NH) and the Genetics Computer Group 
30 (GCG, Hadison, Wisconsin} software- 

4. Southern Blot ^alysis. Two ng 6f genomic. PHA 
extracted from A. thaliana (Coluinbia ecotype) was 
digested vith EcoRI . electrpphoresed on 0.8% agarose and 
tiransf erred to nylon mernbrape. The KATl probe 
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was prepared by random hexamer (a-32p] dCTP 
labelling of the 2.2-kb Xhol insert contained in 
pKAT. Hybridization overnight at 65 'C was followed by 
three washes at 60" for 15 minutes each in 6X standard 
saline citrate/0.1% SDS (Feinberg, A. P. and 
Vogelstein, B. (1983) Anal. Biochem. 132, 6). 

RESULTS 

Ail ArabidoDsis thaliana cDNA library was screened 
for sequences that suppress the potassium transport 
defe(5t (Trk- phenotype) of trkl A trk2 A cells (CY162) 
by conferring growth on potassium-limiting medium. 
From approximately 40,000 Ura"^ trans formants, a 
single clone was obtained that allows growth of CY162 
cells on 7 mM potassium, galactose-containing medium 
(GAL 7K) . The cloned plasmid, pKATl, was recovered by 
transformation of S* coli and reintroduced into CY162 
by transformation. This plasmid is assigned ATCC No, 
75224. All Ura*** transformants containing pKATl were 
able to grow .on GAL 7K. 

Southern anfilysis using the cDNA insert contained 
in pKATl as a probe revealed the presence of 
homologous sequences in the thaliana genome. 

1. KATl Completely Suppresses the TrJc- Phenotype 
of trklAtrK2A cells. Wild type (TRKl and TRK2) S. 
cerevisiae cells are able to grow on media 
supplemented with 0.2 mM potassium chloride 
(O.ZK) ; CGaber, R,F., Styles, C.A. and Fink, G.R. 
(1988) Mol. Cell. Biol. 8, 2848-2859). TO determine 
the level of KATj suppression, colonies of CY162 cells 
containing pKATl were replica plated to GAL 0.2K. 
pKATl conferred growth on GAL 0.2K but not on GLU 
0.2K, consistent with the conditional expression of 
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X the cDNA» Grovfth of CY:i62/pK2!kTL ceils GAL 0.2K was 
indistinguishable from that of wild»type cells, . 

2. ONA sequenoa Analysis suggests KkWl Ei^Godes a 
Potassium channel . • The cDNA sequence in "^jKATI? 

5 ifevealed an open reading frame of 2^031 nucleotides 
capable of encoding a protein of 677 amino acids (78 
KI>f Setjuence Id, Iilo^l). Northern blot analysis^ using 
KATl sequences as a probe, detected a 2.2-fcb message 
that was present in very low abundance, indicating 

10 that pKATl contains a full-length or near full-length 
cDNA. 

EXAMPLE 1 
Tetraethylammdhium. and Ba^ ihMibit 
KATl Function in vivo 

15 ' . 

Although the ability to suppress the potassium, 
transport deficient pbenotype of trkl A tgk2A pells and 

20 the structural : features inferred from th^ KATl DNA 

sequence suggested that KATj is potassiti|S channel, the 
inventor further tested this interpratation by testing 
the effect of tetraethylammonium and Ba^* ionsi on 
the function of KA^l ^ - Tetraethylaamonium (TEA) and 

25 Ba^"*" aijre specific inhibitors of many yoliage-grated 
potassimn channels and appear to block channel 
conductance by interactitig with sites normally 
occupied, by potassium ion (Hllle, (19S1) I^hic 
- Channels of Excitable Membranes. Suriderland, la, 

30 Sinauer'r Mackinnon, R. And Yellen, (1990) Science 
250, Z7e^27B7 Yellen, G^r Jurman, M.E*, Abramson, 
and MacKinnon, R. (1991} Science 251, 939-941). This 
has been further supported by recent experimeftts in 
whiph mutations residing in the region thought to 
constitute the lining of the channel pore were shown 
to affect the binding of tetraethyXammonium. . . 
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1 If KATl is a potassium channel, growth of 

CY162/PKAT1 cells on potassium limited medium would be 
inhibited by TEA and Ba^^. Tetraethylammonium and 
Ba^^ were applied to filter displaced on to lawns of 
5 CY162/pKftTl cells growing on GAL lOOK and GAL 0.2K 
solid media (See Figs, 1 and 2) . Growth of 
GY162/PKAT1 cells was inhibited by tetraethylammonium 
and Ba^'^' on 0.2 mM, but not on 100 mM potassium* 
Low concentrations of potassium should be added to the 
10 screening media. The expression of KATl will allow 
trkl trH3 cells to grow on very low concentrations 
of potassium (as low as wild-type TRKl TRK2 cells) . 
Therefore using a concentration of approximately 0. i 
to 0.2 mM potassium would allow even slight inhibition 
15 of KATl to result in the inhibition of growth of the 
CY162/PKAT1 cells. In. contrast, similar tests using 
CY162 cells containing 2BE1: carried on a centromeric 
pXasmid {pBG295-l) showed nb inhibition by these 
compounds (Gaber, R.F., Styles, C. A., and Fink, G.R. 
(1988) Mol. Cell. Biol. 8, ^^848-2859). 

The isolation of KATl indicates that £. cerevisiae 
can be used as a powerful and convenient method of 
isolating potassium channel* cDNAs from higher 
eukaryotes. Other libraries are being screened to 
determine whether cDNAs encoding human potassium 
channels can also be isolated using this system. 
•Additionally, the genetically engineered organism of 
this invention can be used to detect organism the 
expression of heterologous ion channels. This can be 
30 used to screen compounds as potential new herbicides 
or drugs, as shown in Example l* 

Although the invention has been described 
primarily in connection with special and preferred 
embodiments, it will be understood that it is. capable 
of modification without departing from the scope of 
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the invent^ion. The following claiins are intended to 
cover all varis^tions, uses^ or adaptations of the 
inventtoTi, following, in general^ the principles 
thereof and incltidirig such departujres from the present 
disclosure as come within known or customary- practice 
in the field to which the invention pertains, or as 
are obvious tc persons skilled in the field. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: GABER, RICHARD F. 

(ii) TITLE OF INVENTION: GENETICALLY ENGINEERED 
EUKARYOTIC ORGANISM CAPABLE OF DETECTING THE 
EXPRESSION OP HETEROLOGOUS ION CHANNELS AND METHOD 
TO USE SAME 

(iii) NUMBER OP SEQUENCES: 22 

(Iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE r.TILTON, FALLON, LUNGMUS & CHESTNUT 
(B> STREET: 100 SOUTH WACKER DRIVE, SUITE 960 
HARTFORD PLAZA ' 

(C) CITY: CHICAGO' 

(D) STATE: ILLINOIS 

(E) COUNTRY: USA 
(P) ZIP: 60606-4002 

(V) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM. PC compatible 

(C) OPERATING SVSTEM: PC-DOS/HS-DOS 

(D) SOFTWARE: Patentln Release #1.0, Version #1.25 

(Vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 

(B) PILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/874,846 

(B) FILING DAI^: 27-APR-1992 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: FENTRESS, SUSAN B. 

(B) REGISTRATION NUMBER: 31,327 

(C) REFERENCE/DOCKET NUMBER: NU-9211CIP 

(ix) TELECOMMUNICATION INFORMATION: 
(A). TELEPHONE: 312/456-8000 
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(2) INFORMATION FOR SEQ ID N0:1: 

( i) SEQUENCE CHARAdTERISTICS: 
■ (A) I$NfTH: 2173 base pairs 
(B> TYPE: "nctcleic acid 

(C) STRaNDEDNESS: unRnofwn 

(D) TOPOLOGY: unJcnown 

(ix) MOLECCfliE TYPE: Dm (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 

CCGAATTCCT CGAGCTACGT CAGGGAAAAG ATGTCGATCT CTTGGACTCG 
AAATTTCTTC 60 

' GAAAGATTCT GCGTCGAGGA ATACAATATA GACACCATAA AACAGAGTAG 
TTTcfcrCTCT 120 

GCCGiATCTTC TACCATCIPCT TGGAGCCAGG ATCAACCAAT CTACTA&GCT 
CCX5CAAACAC laO 

ATAATCTCTC CTTTTA&TCC ACGTTACAGA GCGTGGGAGA TGTGGCTAGT 
AOlrACTAGTT 240 

ATTTACTCAG CTTGGATTTG CCCATTTCAA TTTGCTTTCA TCACCTATAA 
AAAAGApGCG 300 

Am^CATCA TCGACAACAT TGTTAAJDGGC . TTCTTCGCCA TTGATATTM^ 
TCTCaCCTTC 360 

. * 

TTCQTqGCTT l^CTCGATAG CCACTCCTAT CTTCT&GTTG ACAGTCCTAA 
GAAAAalwiCA 420 

ATAAGGTACC TTTCGACGTG GTTCGCTTTC GATGTTTGTT CCACAGCACC 
ATT!^CSGCCA 4S0 

CTAAGCCTCT TGTTTAACTA CAACGGA^GC GAACTAGGAT TCAGA&TTCT 
• TAGCAiEGCTC 540 

AGGTTATGGC GTCTCCGGCG AGTTA6CTCG CtATTTGCAA GGCTTGAGAA 
AGATATCCGT 600 

^TCAACTATT TCTGGATACG TTGCAGAAAA' CTCATTTCGG TCACTTTGTT 
CGCTATACAT 650 

TGT6CTGGAT GTTtCAACTA CCTGATTGCA GATAGATATC CTAATCCAAG 

I ■ ' ■ ■■' . ■ ■ ■ 
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. AAAGACATGG 720 

ATT,GGAGCTG TGTATCCAAA TTTCAAAGAA GCAAGTCTAT GGAATAGATA 
* TGTfiACTGCT 78Q 

GTTTACTGGT CCATTACGAC ATTAAGGACC ACGGGATATG GAGATTTTCA 
I TGCTGAGAAC 840 

CCAAGAGAAA TGCTTTTTGA CATTTTCTTC ATGATGTTCA ACCTCGGTTT 
GACAGCTTAC 900 

CTGATTGGAA ATATGAGCAA CCTCGTCGTT CATTGGACTA GCCGAACCAG 
AACCTTTAGG 960 

GATTCAGTGA GAGCTGCTTC AGAGTTTGCT TCAAGAAATC AACTCCCACA 
TGACATACAA 1020 

GATCAAATGT TATCACACAT TTGCTTAAAG TTCAAAACAG AGGGCTTGAA 
ACAACAAGAG 1080 

ACCTTGAACA ATCTGCCAAA AGCAAfCCGG TCAAGCATTG CAAACTATTT 
ATTCTTCCCC H40 ' ' 

ATTGTTCACA ACATfTACCT CTTTCAAGGA GTTTCTCGTA ACTTCCTCTT 
TCAATTGGTT 12 QO » . 

TCAGATATAG. ACGCTGAGTA TTTCCCACCA AAAGAAGATA TAATTCTACA 
AAACGAAGCT 1260 

CCTACTGATC TTTACATTCT GGTGTCAGGA GCAGTGGACT TCACTGTCTA 
• CGTTGATGGA 1320 

CATGATCAGT TTCAAGGGAA AGCAGTAATT GGAGAAACAT TTGGAGAGGT 
TCGAG'TTTTA 1380 



TACTATAGAC CACAACCATT CACAGTAAGA ACAACCGAGC f ATCTCAAAT 
AGTGCGGATA 1440 

AGCAGAACAT CGCTGATGAG TGCGATGCAT GCTCATGCTG ACGATGGACG 
AGTCATCAfG 1500 

AACAATCTCT TCATGAAACT TAGAGGGCAA CAGTCAATAG CAATAGATGA 
TTCGAATACT 1560 

AGT6GTCACG AAAACAGAGA TTTCAAAAGC ATGGGATGGG AAGAGTGGAG 
AGATTCAAGA 1620 
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MAGATGGCT ATGGTTTAGA. TGfTACGAAT CCGACTTCCG ACACTGCTCT 
AATGGATGCG 1^80 

ATTC&C&AGG AAGATACTGA AATGGTTAAG AAGATACTTA AGGAACAAAA 
GATAGAigAGA 1^40 

GCCAAAGTGG AAAGATCftAG TAGTGAAACC GCTGGAAC^ GTTACGCTAA 
CGATTCATCG iSOa 

A&AAAAGATC CATATTGCAG CtCAAGCAAG CAAATCATCA AGCCATGCIUI 
ACGAGAAGAA 1860. 

AAGAGAGTTA CCATCCACAT GATGTCTGAG AGCAAGAACG GGAAGTTGAT 
ACTCTTACCA 1920 

TCATCCATAG AAGAGCTOfCT' AAGACTTGCA AGTCAGAAGT TTGGAGGCTG 

cAAerrcAcA isso 

AAGATCACCA A^GCGGACAA CGCTGAGATT GATGATTTAG ATGTCATTTG 
'GGATGGTGAT 2040 

CATTTGTATT TTTCATCAAA TTGACTTTGA AAACTCGACT TCATOTATAG 
AGCATGTliTA 2100 

TCTQCAGATA ATGTATTTTT ACCCGGTTTC ATAGAAAAGT CTAGATTATC 
CCCTCSACGTA 2160 

GCTGCa^GGAA TTC 21?:^ " 

(2) UIFORMATXON FOR BBQ ID ^0:2 1 

(iy SEQUENCE CHSRACTJSRISTICS: 
(A) LENGTH: IS base pairs 
(B>; TYPE: nucleic acid 

(C) STRANDEDNESS : unkxjQwn 

(D) TOPOLOGY: miknowrt 

(ii) MOLECOLE TYPE: DNA (genomic) 



(x±) SEQUENCE DESCRIPTION: SEQ ID trQt2: 

TACTTTAACG TCAAGGAG 

18 

(2) INFORMATION FOR SEQ ID N0:3t 
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(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

CTAAGCTCCG GAAACAC 

17 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECDUB TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4; 

CTTCTAGTTG ACAGTC 
16 

(2) INFORMATION FOR SEQ ID NO: 5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: Unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

CGGAAGCGAA CTAGG 
15 
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(2) INFORMJyriOS EpR SEQ ID" NO: 6: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LENGTH: 15 bage pairs 
(&) TYEE: nucleic acid 

(cj ST^aUDEbNESS: unknown 
(0) T0P0L0(5Y: anJaiQ»wn 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 6: 

CATTGTGCTG GATGT 
15 

• (2) INFORMATION .FOR SEQ ID NO: 7: 

(i) SEQUENCE CHARAGTEiaSTICS : 
(A) LENGTH: IS basfi pairs 
(B> TYPEr nucleic acid 

(C) STI^DEDNESS: unXaiown 

(D) TQPOLOSX:: unknown 

(ii) KOLECULE TYPE; DNA (genomic) 



(ytx) SEQUENCE DESCRIPTION: SEQ ID N0i7: 
GATGTTCAAC CTCGG 

(2) INFORMATION FdR SEQ ID^ NO: 8: 

(i) SEQUENCE CHARACTERISTICS: 
(A) LE»GTHr 1& base pairs 

.(B> TYPE: nucleic acid 
(C> STRANDEDlffiSS: unknown 
CD) TOPOLOGY: unknown 

(ii) - MOLECULE TYPE: DNA (genomic) \ 



(Xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8: 
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TACTGCGGAT AAGCA 
15 

(2) INFORMATION FOR SEQ ID NO: 9: 

(i) SEQUENCE CHARACTERISTICS: 
f (A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY; un]aiown 

(ii) MOLECULE TYPE: PNA (genomic) 



(Xi) SEQUENCE DESCRIPTION: SEQ ID N0:9: 

GGATGGGAAG AGTGG 
15 

(2) INFORMATION FOR SEQ ID NO: 10: 

(i) SEQUENCE CIIARACTERISTICS : 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

TAGTGAAACC GCTGG 
15 

(2) INFORMATION FOR SEQ ID NO: 11: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 
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(xi) SEQUENCE DESCRIPTION-: SEQ ID NO: 11: 

ATCq&TAGAA GAGCT 
15 

(2) INFORMATION FDR SEQ ID NO 1 12: 

(i> SEQUENCE CHARACTERISTICS: 
CA> im&SEt 15. base pairs 
(B) TYPE: nucleic acid 
(CJ STRANDEDNESS: tonknown 
(D) TOPOLOGY: unknown 

(ii> MOLECqi^ TYPE: DNA (genomic) 



ixi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

GCATGTATAT CTGCA 
15 

(2) INFORMATION FOR SEQ ID NQ:13: 

(i> SEQUENCE CffiURACTERlSTlCS: 
(A) LENGTH: 15 base pairs 
(EJ TYPE: nucleic acid 

(C) STRANDEDNESiS: unknown 

(D) " TOFOUOGti \mknown 

(ii) MOLECULE TYPE: DNA (genomic)' 



(Xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 13: 

. GCTGAGTAAA TAACT ' 
. >5 

(2} INFORMATION FOR SEQ ID NO: 14: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 l?ase pairs 

(B) TYPE: nucleic acid 
(C} STRANDEDNESS: unknown 
(D) TOPOLOGY: unlmown 

(ii) MOLECULE TYPE: DNA (genomic) 
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(Xi) SEQUENCE dESCRIPTION : SEQ ID NO: 14; 

ATTCGTATTT TCTTA 
15 

(2) INFORMATION FOR SEQ ID NO: 15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS; unknown 

(D) TOPOLOGY: unknown 

Ui) HOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

TCAAGCCTTG CMAT 
15 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) TYPE: nucleic acid 
{cy STRANDEDNESS: unknown 
(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

TGCTTCTTTG AAATT 
15 

(2) INFORMATION FOR SEQ ID NO: 17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 19 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: unknown 

(D) TOi?OL0GY: unknown 
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(ii) MOLECDIiE TYPE: DSA. (genomic) 



(Xi) SEQUENCE DESC^tlPTION: SEQ ID NQ:17: 

AGGTTGGTC21 TATTTCCAA 

19 

(2) INfORMMMON FOR SEQ ID NOilS: 

(i) SEQUENCE CBaOtACTERISTiCS: . 

(A) LENGTH: 15 fease paits 

(B) TYPE: nncleic acid 
(cy STRANDEDNESS: unknown 
CD> TOPOLOGY: unJoiown 

(ii) miMOJILB TYPE: MTA (genditiic): 



(xi) SEQUENCE DESCRIFTION: SEQ ID NQilSS 

TTGTTCTTAC TGTGA 

15 * 

(2) INFORMATION FDR SEQ ID NO: 19: 

{i) SEQUENCE CHARACTERISTICS.: 
(A> USNGTH: 17 base pairs 
(B) TYPE: nucleic acid 
C:C) STRANDEDNESS: urikpowR 
(D> TOPOLOeY: unknown 

(ii} I«>LECtJLB TYEE: DKA, (genomic) 



C3Ci> SEQtlENCE DES^CRIPTION; SEQ ID NO: 19: 

f 

GTCGGAAGtC GGAfTTCG • * ! 

17 

(2) INFORMATION FCTl SEQ ID N0:20: . 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 15 base pairs 

(B) - TYK: nucletio acid - - 
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(C) StRANDEDNfiSS: unknown 

(D) TifPO^GY: unknown 

(ii) MOlicDLE TYPE: DNA (genoMic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO; 20: 

GGTTGCTTGA GCTGC 
15 

(2) INFORMATION FOR SEQ ID NO: 21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: li base pairs 

(B) TYPE: nucleic acid 

(C) STOANDEDNESS: unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(Xi) SEQUjENCE DESCRIPTION: SEQ ID NO: 21: 

ACCATCCCAA ATGACAT 

17 

(2) INFOiOlATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 17 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : unknown 

(D) TOPOLOGY: unknown 

(ii) MOLECULE TYPE: DNA (genomic) 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

TGTGGAATTG TGAGCGG 

17 
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- 1 I Claim: 

1. A cCTiposition comprising: cDNA far a plant 
potassium channel. 

2. The composition of Claim 1 wherein the DNA 

5 sequence of said cDKA consists essentially of the DNA 
sequence, of Sequence Id. Np.' 1. 

3. A composition compirising the cDNA contained 
in plasmid deposited as ATCC No. 7522^. 

4. A genetically engineered eukaryotic organism 
10 capable of detecting the expression of heterologous 

ion channels comprising: a potassiuim transport 
defective phenotypic euicarydtic organism transformed 
with DNA that suppresses potassium transport defective 
phenotype in said organism.. 
15 5. The composition of Claim 4 wherein said 

organism is Saccharomvces cerevisiae deleted or 
mutated for TRK2 and yRKl , 

6. Th^ composition of Claint 4 wherein said 
organise is, Saccharomvces cerevisiae deleted or 

20 mutated for 2^1. 

7. The compdfsition of Claim. 5 wherein said DNA 
consists essentially of the DNA sequence set out in. 
Sequence Id. No. 1. . 

8- The composition of Claim 6 wherein said DNA 
25 consists essentially of the DNA sequence set out in 
Sequence Idf^ No^ 1- 

9. A genetically engineered eukaryotic organism 
capable of detecting the expression; of heterologous 
ion channels having the characteristics of the 

30 organism deposited as- ATCC 74144. 

10. A genetically engineered eukaryotic organism 
capable of detecting the expression of heterologous 
ion channels made by the process comprising: 

a. deleting or mutating genes from a eukaryotic 
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1 organism to render it plptassiuto transport defective; 
and 

b. transforming said organtsm to add a gene 
encoding a potassium channel, 
5 1.1, The genetically engineered organism of Claim 

10 wherein said organism, is SacGharomyces cerevisiae 
deleted or mutated for and TRKI , 

12, The? genetically engineered organism 0t Claim 

10 wherein said organism is Saccharomvces cerevisiae 
10 deleted orr mutated f or TRKl , 

13. The genetically engineered organism of Claim 

11 wherein said gene encoding a potassium channel 
consists essentially of the DNA sequenqe set out in 
Sequence Id, No* 1. 

i5 14, A method to make a genetically engineered 

eukaryotic organism capable of detecting the 
expression of heterologous ion channels comprising the 
process of: 

a. d€iieting or mutating genes from a eukaryotic 
20 organism td render it potassium transport 

defecttive; and 

b. transforming said organism to add a 
heterologous gene encoding for a potassium 
channel • 

25 15, The method of Claim 14 wherein said organism 

Sacchar omyces cerevisiae deleted or mutated for TRK2 
. and ggyi , 

16* The method of Claim 14 wherein said organism 
is SaccharornvGes cerevisiae deleted or mutated for 
30 TRKi 

17, The method of Claim 14 wherein said gene 
encoding a potassium channel cohsists essentially of 
the DNA sequence set out in Sequence Id, No. 1. 

IB. A method to screen a compound for the ability 
to inhibit potass ixam transport in an organism 
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1 cpmprisingr 

" a. adding said compound to a genetically 

engineered euJcaryotic organism capable of 
detecting the expressioT> of heterologous ion 
5 channels comprising a potassium transport 

defective pjienotypic eukaryotic organisiti 
trans fpriiiecj %pith ONA that suppresses the 
potassium transport defective phenotype in 
sai$ organism, to a media containing 
10 poliassimu; 

b. determining whether said compound inhibits 
growth of said organism. 

19. The method of Claim 18 wherein said organism 
is Saccharomvces cerevisiae deleted or mutated, for 

15 TRK^ and TRKl and the DNA consists essentially of the 
DIlA sequence set out in Sequence Id, Mo. 1. 

20. The method of Claim 18 wherein said organism, 
is Saccharomvces cerevisiae delated or mutated for 
TRKl and the cons^ists essentially of the ONA 

20 sequence set out in Segu^ce'Id. Ho* !• 



25 
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AMENDED OAIMS 

Lreceived the International Bureau on 1 October 1993 {01.10.93)- 
arigihaL claims 18-20 cancelled; original claims 1-16 
amended; other claims unciianged (3 pages)] 

1. A composition consisting of: a cDNA that 

encodes a plant potassiuia channel. 
5 2. The composition of Claim 1 wherein the DNA 

sequence of said cDNA consists of the DNA sequence of 

Sequence Id. No. i. 

3. A composition consisting of: the cDNA contained 

in a plasmid deposited as ATCC No. 75224^ 
^0 4. A genetically engineered strain of yeast 

containing a heterologous ion channel comprising: a 

potassium transport defective phenotypic strain of yeast 

transformed with DNA that suppresses potassium transport 

defective piienotype in said yeast. . 
15 5. The genetically engineered strain of yeast of 

Claim 4 wherein said yeast is Saccharomvces cerevisiae 

deleted or mutated for TRK2 and TRKl . 

6. The genetically engineered strain of yeast oi 
Claim 4 wherein said yeast is Saccharomvces cerevisiae 

20 deleted or mutated for TRKl . 

7. The genetically engineered strain of yeast of 
Claim 4 wherein said yeast is Saccharomvces cerevisiae 
deleted or mutated for TRKl . 

8. The genetically engineered strain of yeast of 
25 Claim 6 wherein said DNA consists essentially of the DNA 

sequence set out in Sequence Id. No. 1, 

9. A genetically engineered strain of yeast 
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9^ A genetically engineered strain of yeast 
containing a heterologous ion channel deposited as ATCC 
No. 74144. 

10. A genetically engineered strain of yeast 
5 containing a heterologous ion channel laade by the process 
comprisingt 

a. deleting or mutating genes froat a strain of 
yeast to render it potassium transport defective; and 

b. tran^formng said yeast to add a gene encoding 
10 a potassium channel. 

11 < The genetically engineered strain of yeast of 
Claim; 10 wherein said yieast is Saccharomvces cerevislae 
deleted or mutated for TRK2 and TRKL. > 

12. The genetically engineered strain of ^east of 
15 Claim 10 wher^-in said yeast is Saccharomycres cerevisiae 
deleted or mutated for TRKl . 

13. The genetically engineered strain of yeast of 
Claim 11 wherein said gene encoding a potassium channel 
consists essentially of the DNA. sequence set out in 
20 Sequence Id« No. l^ 

14- A method to make a genetically engineered 
strain of yeast containing a heterologous ion channel 
comprising the steps of: 

a. deleting or mutating gejies from, a strain of 
25 yeast to render it potassium transport defective? and 

b. transforming said strain of yeast to add a 
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heterologous gene encoding for a potassium channel. 

15. The aethod of Claim 14 wherein said yeast is 
S^cchayomyfTfts cerevisiae deleted or mutated for TRK2 and 

5 16. The method of Claim 14 wherein said yeast is 

Saccharomyofts cerevisiae deleted or mutated for TRKi . 
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STATEMENT OIPER ARTICLE 19 

The amiandinent of claims 1^16 is made iti o^rder to 
more clearly distinguish these claijos from Ko et al^r 
"TRK2 is Required for Eiow Affinity K*" Transport in 
Saecharomvces cereVisia^." pages 3.05^312 in Genetics, 
Volvaiffie IZB, issued Jurte 1990, Chandy et .al*, W0> A, 
92/02^34 20 February 1992, Ko et al,, ^TKRl and TEK2 
Encode • Structurally Related K*" Transporters in 
Saccharomyces cerevisiae ^ pages 4266--4273 in Molecular 
and Cellular Biology, Volume 11 > Number 8, issued August 
1991* AU of these documents were cited in the 
international search report as being of pa^rticular 
relevance to tlhe claimed inventiop. Full support for the 
amentoehts to these claims can be found on pages 3 ^ ^ and 
14. 
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Pig. 3 
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Fig. 4 
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